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[57] ‘ABSTRACT 


The present invention provides a device which takes 
the place of the microprocessor in a microprocessor- 
based system, and which provides the user with manual 
control and monitoring of the logic level of each sepa- 
rate input or output pin corresponding to the same pin 
of the single chip microprocessor of the system under 
test. 


§ Claims, 7 Drawing Figures 
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STATIC STIMULUS TESTER FOR 
MICROPROCESSOR SYSTEMS 


BACKGROUND OF THE INVENTION 


This invention is concerned generally with testing of 
microprocessor systems, and more particularly, with a 
device for controlling and monitoring the microproces- 
sor in the system. 

With the rapidly escalating use of microprocessors in 
electronic systems of all kinds, the testing and debug- 
ging of such systems has become a major concern. In 
the prior art, it is known to use “signature analysis” at 
various points in the system. This can be accomplished 
with a device such as the Model 5004A by Hewlett-Pac- 
kard Company, which compares a known “good” bit 
stream against the empirical bit stream measured at 
selected test points in the system. Although some infor- 
mation is obtained through the signature analysis, de- 
tailed information about the system operation is not 
revealed. 

The use of logic state analyzers such as the Model 
1661A by Hewlett-Packard Company provides more 
information about the system under test. These analy- 
zers provide passive monitoring of the hardware and 
measurement of logic levels on the system data bus, 
address bus and control bus lines. Although information 
about the system is received, control of the system is not 
obtained through such devices. 

The deficiency of logic state analyzers related to 
control has been remedied by the use of in-circuit emu- 
lators such as the ICE-80 (8080 in-circuit emulator) 
from Intel Corporation, which are microprocessor 
based test systems which perform exactly like the mi- 
croprocessor component system under test. Generally, 
the emulation of the microprocessor is accomplished on 
a small computer system, so that the user has some 
control over data entry and output into the system 
under test. However, detailed control of each micro- 
processor pin is still not possible. 

In yet another level of sophistication of the in-circuit 
emulator, a “‘stand in” for the microprocessor has been 
developed which enables the user to single step through 
the normal sequencing of the microprocessor in the 
system under test. Even with the use of these stand in 
testers, it is still a problem with the testing of micro- 
processor systems in that control of the microprocessor 
is limited to the single “machine cycle.” That is, the 
microprocessor can only be “frozen” or stopped in 
certain very specified electrical cases. 


SUMMARY OF THE INVENTION 


In accordance with the illustrated preferred embodi- 
ments, the present invention provides a device which 
takes the place of the microprocessor in a microproces- 
sor-based system, and which provides the user with 
manual control and monitoring of the logic level of 
each separate input or output pin corresponding to the 
same pin of the single chip microprocessor of the system 
under test. Thus, a device according to the invention 
allows the user to manually control any signal within 
the system that the system microprocessor would nor- 
mally control, statically adjusting the logic levels of 
each signal line without regard to order or past history 
of the system. The user can therefore verify the opera- 
tional status of any part of the system, whether or not 
the system, as a whole, is operational. Feedback loops 
of the system can be broken, and intermediate points of 
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the loop directly accessed. Individual pins can be elec- 
trically stimulated and monitored to locate a “stuck”’ 
bit. Additionally, the user can exercise selected commu- 
nications paths in the system, while monitoring the 
signal integrity at all points. 


DESCRIPTION OF THE DRAWING 


FIG. 1 is a block diagram of a statis stimulus tester 
(SST). 

FIG. 2 is a view of the front panel, of the static stimu- 
lus tester, including keyboard and display. 

FIG. 3 is a schematic diagram of the controlling 
microprocessor used in the SST. 

FIG. 4 is a schematic diagram of a ROM and a RAM 
used in the SST. 

FIG. 5 is a schematic diagram of the keyboard and a 
part of the display of the SST. 

FIG. 6 is a schematic diagram of additional sections 
of the display for the SST. 

FIG. 7 is a schematic diagram of the I/O interface 
bus of the SST which connects the SST to the system 
under test. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 


A device according to the invention will sometimes 
be referred to hereinafter as a Static Stimulus Tester, or 
“SST.” In FIG. 1, there is shown a microprocessor 
(MP) 11 used in the SST, which may be, e.g., the model 
number 8080 available from the Intel Corporation, Sun- 
nyvale, Calif. Processor 11 is accessed by the user 
through a keyboard 13, to be described in more detail 
hereinafter. Information from the processor is displayed 
on a display 15, which may be of the “hexadecimal” 
type. 
Interconnection with the system under test is made 
via a series of pins, or “Control I/O Ports” 17, which 
correspond in number and physical arrangement with 
the pins of the microprocessor in the system under test. 
In operation, that processor is removed from the system 
under test, and Control I/O Ports 17 connected in its 
stead, preferably through a connecting cable 18. ; 

The operating system for the SST is stored in a sys- 
tem ROM (read-only memory) 19 which may be e.g., an 
Intel 2708 EPROM. The information stored in ROM 19 
directs the action of internal microprocessor 11 in com- 
municating with keyboard 13, display 15, and Control 
I/O Port 17. A system RAM 21, such as an Intel 2114, 
provides temporary storage of data for use by internal 
microprocessor 11. RAM 21 is also used to store tempo- 
rary programs that are entered as keystrokes on key- 
board 13 in a manner similar to that employed in pro- 
grammable calculators. 

Referring now specifically to FIG. 2, there is shown, 
in more detail, a keyboard 13 which is specifically 
adapted for testing systems involving the Intel 8085 
microprocessor. The keyboard will have a different set 
of keys if the SST is to replace a different microproces- 
sor in the system under test, the arrangement of which 
will be evident to those skilled in the art after reading 
the totality of the present specification. 

In FIG: 3, microprocessor 11 is shown in more detail 
including a microprocessor chip 23, an 8228 system 
controller 25, and a pair of 74LS367 address bus buffers 
27 and 29. A number of logic gates are also included to 
provide the correct chip select and write enable signals 
to the SST system. 
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ROM 19 and RAM 21 are shown in more detail in 
FIG. 4 including the particular interconnections 31 
between processor 11 and the various 2708 ROM chips. 

In FIG. 5 are shown keyboard 13 and display 15 
which includes four alphanumeric display elements 33, 
35, 37 and 39 of the HP 5082-7340 type, available from 
Hewlett-Packard Company, Palo Alto, Calif. 

FIG. 6 shows additional indicators used as part of 
display 15 such as a number of ILED’s 34, 36, and 38, 
used to prompt the user as the SST executes functions in 
normal system operation. 

FIG. 7 shows Control I/O Port 17, including inter- 
connections 41 to/from processor 11, and interconnects 
cable 43 to/from the system under test. 

The invention will be best understood by means of an 
operational example. In particular, it will be assumed 
that the system to be tested involves the Intel 8085 
microprocessor, which is to be replaced by the SST for 
system test purposes. As noted above, the keyboard of 
FIG. 2 is appropriate for such a system, and the differ- 
ent labels of that keyboard will be referred to in this 
example. In this particular example, the SST will be 
used to read data from the ROM or RAM of the system 
under test. To understand how the SST performs this 
function, it is helpful to know how the 8085 micro- 
processor, itself, executes this function. This informa- 
tion is known by those skilled in the art, but will be 
summarized here for completeness. To read data from 
memory, the 8085 microprocessor executes the follow- 
ing general sequence of events. All terms refer to I/O 
pins of the 8085 itself: 

(1) System address is set to the location of memory to 
be read. y 

(la) A15-A8 the upper address byte is set. 

(1b) A7-A0O are set on the data lines of the 8085 mi- 
croprocessor. 

(2) The ALE bit is set to a logical 1. 

(3) The ALE bit is set to a logical 0. (With the ALE 
returning to a logical 0, the lower byte of address is 
latched into the address latch in an 8085 system.) 

(4) 1/0 memory line (IO/M) is set to a logical 0 indi- 
cating a memory operation. 

(5) RD signal is set to a logical 0. 

At this point, data from the address location of mem- 
ory is on the system data bus. The 8085 microprocessor 
strobes this data into an internal register. 

To perform this same general function with the SST, 
the following sequence of events are performed: 

(1) The user removes the 8085 microprocessor from 
the system under test and installs SST cable 18 of FIG. 
1 into the vacated socket. 

(2) The user presses the key labeled ADR on SST 
keyboard 13. The SST will respond by blanking display 
15, and turning on a light-emitting diode (LED) to 
indicate that four address nibbles are required before 
proceeding. These four nibbles will uniquely define a 
16-bit address. 

(3) The user now enters four digits via the keyboard. 
For example, the user may enter the hexadecimal num- 
bers ABCD. 

(4) The user now presses the key labeled ENTER, 
whereupon the following occurs: the 16 bits defined by 
the word ABCD are set to the proper control output 
ports; the 8-bit word AB is strobed into a latch 45 while 
the 8-bit word CD will be set into another latch 47. The 
SST now turns on an indicator LED 49 (labeled 
“COM” in FIG. 2) and waits for another user input. 
This completes the first step in the electrical-sequence 
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to read data from memory; namely, set the system ad- 
dress bus. When the ENTER key is pressed, the SST 
will automatically take the ALE line to a logical 1 and 
the ALE line to a logical 0. This will latch the CD 
address that was on the data bus into the address latch 
of the system under test (the address latch must be pres- 
ent in any 8085 microprocessor system). Thus, at this 
point, the address is effectively presented to the system 
memory. It can be noted that the address is set statically 
on the address bus of the system under test, so that the 
user can electrically verify the logic conditions of the 
address bus line using Direct Current or Static measure- 
ment techniques. 

(5) The next operation the user will perform is to 
press the key labeled IO/M. When the user presses this 
key, the SST will light another indicator LED 51, 52 
(labeled “WAIT” and “D1” in FIG. 2), an indication to 
the user that one digit must be entered. The SST is 
waiting for a 0 or | to be entered via the keyboard. The 
user will press the key labeled O and next. press the 
ENTER key. When these two operations are complete, 
the IO/M line output from the 8085 microprocessor is 
now set to a logical 0 indicating a memory operation to 
be performed. Next, the user will press the key labeled 
RD. The SST will wait for a 1 or 0 to be entered. The 
RD contro! bit C2 of latch 53 (FIG. 7) is set to a logical 
0. This action will set the RD signal of the system under 
test to a logical 0. 

After this step is complete, the data from the system 
under test of the designated memory location should be 
present on the data bus of that system. To read the data 
bus with the SST, the user presses the key labeled 
RBUS. When this key is pressed, the following will 
occur: 5 

(1) IC 47 of FIG. 7 is disabled. 

(2) IC 55 of FIG. 7 is clocked by SST processor 11 of 
FIG. 1. 

(3) Processor 11 on the SST reads the data clocked 
into IC 55 (this being the data that was present on the 
data bus of the system under test.) 

(4) Processor 11 will write the data read from IC 55 
to the SST display 15. In this way, the user can visually 
verify the logical condition of each bit on the data bus 
of the system under test. 

The above-described “MEMORY READ” function 
is performed in response to user activation of a particu- 
lar set of keys on the keyboard. Other functions are 
activated by different keys to be described immediately 
below. Upon activation of a key, processor 11 interro- 
gates a “Command Jump Table” in ROM 19 to locate 
the ROM address of the routine corresponding to the 
key-defined function. Processor 11 then executes this 
function routine and any other routine which is called in 
the process of executing the function routine. 

For a system under test in which the microprocessor 
is an 8085 by Intel Corp., the program listing of the 
“Command Jump Table” and the routines required to 
execute the keyboard commands is included herein as 
Appendix “A”. The SST operation resulting from this 
preferred keyboard and set of programs is summarized 
below where reference is made to the key labels (which 
are identical to the labels in the “Command Jump Ta- 
ble,” unless otherwise noted. 

ADR 

The ADR key, or address key, will put the SST into 
a mode where it is waiting for the user to enter 4 hexa- 
decimal digits to be used as a 16 bit address for the 
microprocessor system under test. 
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DATA 

The DATA key puts the SST into a mode where the 
microprocessor is waiting for the user to enter two 
hexadecimal digits to be used as 8 bits of data to be 
placed on the data bus of the system under test. 

REO 

The REO is short for Reset Output. When this key is 
pressed the SST will wait for the user to enter a logical 
1 or a logical 0 on the keyboard, to be placed on the 
reset output line. 

SOD 

This is the abbreviation for Serial Data Output. When 
this key is pushed the SST will wait for the user to enter 
a logical 1 or a logical 0 very similar to the reset out 
function. 

REP 

This is the abbreviation for REPEAT. When the 
REPEAT key is pushed, the SST will repeatedly re- 
execute the last key entered, prior to the REPEAT key. 

DEF 

This is the abbreviation for DEFINED FUNC- 
TION. This key is pushed to define a function, e.g., 
when the user desires to write his own program for the 
SST. The program itself is entered via keystrokes, much 
as the programs are entered into a programmable calcu- 
lator. 

CE 

The abbreviation is short for CLEAR ENTRY, 
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which clears the keyboard and awaits new data to be. 


entered. 
HLDA 
This is the abbreviation for HOLD ACKNOWL- 


EDGE. When this key is pushed the SST goes into a 


mode awaiting entry of a 1 or a 0, to be placed on the 
hold acknowledge line. 

WR 

This is the abbreviation for WRITE. When this key is 
hit the SST will wait for the user to enter a 1 or a 0, to 
be placed on the write enable output line. 

INTA 

This is an abbreviation for INTERRUPT AC- 
KNOWLEDGE. When this key is hit the SST will 
await entry of a 1 or a 0, to be placed on the interrupt 
acknowledge line. 

IO/M (referred to as [O&M in the listing) 

This is an abbreviation for the [/O, or Memory line. 
When this key is hit the SST goes into a mode waiting 
for the user to enter a I or a O, to be placed on the I/O 
or memory output line. 

LDA 

This is the abbreviation for LOAD A REGISTER 
WITH MEMORY DATA. When this key is pressed 
the SST will go into a mode awaiting entry of 4 hexa- 
decimal digits to be entered as the address. After the 4 
digits have been entered the SST will automatically 
control all the bits necessary to read data back from 
memory at the address specified. 

STA 

This is the abbreviation for STORE A REGISTER 
INTO MEMORY. When this key is pressed the SST 
will await entry of 4 hexadecimal digits specifying a 
unique memory address. After the address is entered the 
SST will then wait for two more hexadecimal digits to 
be specified, as data to be written to the unique memory 
address. After this data has been entered, the SST will 
automatically perform all the necessary control to write 
those 8 bits of data into the memory of the system under 
test. 
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RESET 

This is the abbreviation for RESET. When this key is 
pressed the SST will execute the internal program 
which is the same program executed when power is first 
turned on to the system. 

RAM 

This is the abbreviation for RANDOM ACCESS 
MEMORY TEST. When this key is pressed the SST 
awaits entry of 4 hexadecimal digits to be entered to 
specify a starting address for the test to be run. After the 
starting address is entered, the SST will then wait for 4 


‘more hexadecimal digits to specify an ending address. 


When the ending address has been entered the SST will 
automatically perform a functional! test on the system 
RAM between the address limits that were specified. 

ROM 

This is the abbreviation for READ ONLY MEM- 
ORY TEST. When this key is pressed the SST will go 
into a mode waiting for 4 hexadecimal digits to be en- 
tered. These hexadecimal digits are a starting address 
for the ROM test to be run. After the 4 digits have been 
entered the SST will automatically compare a test 
ROM plugged into the SST front panel against the 
ROM of the system under test specified at the starting 
address the user entered. 

CLK 

This is the abbreviation for CLOCK. When this key 
is pressed the SST will wait for a 1 or a 0 to be entered, 
to be outputed on the clock line. 

RD 

This is the abbreviation for the READ LINE. When 
this key is pressed the SST will wait for a 1 or a 0 to be 
entered. The 1 or O will be outputed on the read line. 

Fl, F2, F3 

These three are user definable functions. When this 
key is pressed the SST will go into a mode waiting for 
the user to enter in a series of keystrokes to be executed 
as a program. After the keystrokes have been entered, 


the keystrokes corresponding to any of the keys labeled 


F1, F2 or F3 will be executed each time the user presses 
that key. 

ALE 

This is the abbreviation for ADDRESS LATCH 
ENABLE. When this key is pressed the SST will go 
into a mode waiting for a logical 1 or a logical 0 to be 
entered, to be outputed on the address latch enable line. 

S01 

This is the abbreviation for the STATUS 0 and 1 
LINES on the 8085 microprocessor..When this key is 
pressed the SST will go into a mode waiting for any 
number 0, I, 2, or 3 to be entered, which will be out- 
puted on the two lines 0 and 1. 

IN 

This is the abbreviation for INPUT DATA to the 
accumulator. When this key is pressed the SST will 
await entry of two hexadecimal digits which specify an 
address of an input port. After the address has been 
specified by the user, the SST will automatically per- 
form all the control necessary to execute an input in- 
struction. The data from the input port specified will be 
displayed on the SST. 

OUT 

This is the abbreviation for OUTPUT ACCUMU- 
LATOR TO OUTPUT PORT. When this key is 
pressed the SST will await entry of two hexadecimal 
digits. These hexadecimal digits will specify the address 
of the output port. After the address has been entered 
the SST will then wait for the user to enter two more 
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digits which will specify 8 bits of data to be written to 
the specified output port. After the data has been en- 
tered the SST will execute all the control necessary to 
write the data to the output port specified. 

RBUS 

This is the abbreviation for READ DATA BUS. 
When this key is pressed the SST will automatically 
strobe the data on the system data bus, and display the 


data on the 4 digit display located on the front panel of 
the SST. 


ENTER (referred to as ENTR in the listing) 


5 This is an abbreviation for ENTER DATA. When 
this key is pressed the data that is displayed on the SST 
4 digit display will be entered into the SST and used as 
data for the command being executed. 


APPENDIX "A" 
22 Bear eee ee ee ee 
235 B82a% ; 
24 8368 « GLOBAL SYSTEM EGuATES ' 
25 98020 * ' 
26 ae68 AEKETETEREREKERAERARRER TEER AOE A TERR ORRE RE EERE RATHER RER NEON: 
27 e808 t 
28 Bau8 * 
29 8008 STACK EQU 1198H STACK ADDRESS (208 DEEP) 
32 eeee VARAB EQU STACK+} 
31 82882 * 
32 8828 a $ST ADDRESSES 
33 6624 « : 
34 8808 “AADRL EGU @FFFEH ADPRESS LOhw BYTE (KOT USED) 
35 6822 AADRH EOU BFFFDR ADDRESS HIGH BYTE 
36 @eae2 ADAT1 EQu BFFFEH CATA INPUT 
37 Bebe ADATO EQU OFFF7h DATA OUTPUT, ADDRESS LOW 
38 gore AMSB EQU BFFEFH DISPALY HSB x 
39 8200 aL$B EU BOFFOFH DISPLAY LSE 
48 24620 aDISpP EGu @FFBFR DISPLAY CONTROL 
41 9828 aCNT!? EGU OFF7FR CONTROL BYTE ONE 
42 0008 ACNT2 EQU OFEFFa CONTROL BYTE Ted 
43 2bBe8 akyBO EQU OFDFFR KEVYEOSRD 
44 6088 ASTAT EOU OFBFFH STATUS LIGHTS 
45 8882 & 
46 88238 » NUMBER OF MEMORY PORTS 
47 esee e 
48 6888 wUMA EQU 11 
49 00320 * ; fe aaa 
Se ecee # LIGHT STATUS EQUATES 
51 6880 * : 
$2 80980 scmo EQu i CORMAKD 
53 8688 SFAIL EQU 2 Fare 
54 8002 $01 EQU 1248 Di + Walt 
35 e828 $Dd2 EQU 448 D2 + WAIT 
56 eeee 8A2 EQU 248 a2 ¢ WAIT 
57 8880 SA4 €ou 148 aa@oo WAIT 
56 Bede ry 
$9 2620 e CONTROL SIT MASK DEFINITIONS 
66 veee * 
61 86808 e CNT1i1 BITS 
b2 Bev? * 
63 ALLE KS@ EOL B 
64 B536 H$i EQu 1 
65 8688 mSOD EQU 2 
66 8602 MALE EOL 3 
67 B84Be MREO EOU 4 
68 onae mIOGM EDU § 
69 gues BHR EQu 6 
76 8Boe MRD EOU 7 
71 Bb8e 
72 8068 e cNnY2 BITS 
73 8806 a : 
74 66080 MDBUS EQu 128 
75 9860 MINTA EQU 129 
76 9808 MHLOA EQU 135¢ 
77 8880 aCLK EOU 431 
78 O00 
79 BARB « MISC, EQUATES 
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8e Beoe * 

61 pe2e KTIME EQU 168 KUMSER OF DEBOUNCE LOOPS 

62 e8e8 WINIT EQU 14 NUMBER OF INITAILIZE BYTES 

63 eeee t 

54 2e28 e KEY CODES 

65 6889 e 

66 g000 CREP €O0U 5 

87 B802 COEF EQU 6 

88 Bube CLOA EQU 12 

89 Buee Cry Eou 19 

90 62238 cre EGu 28 

Gl BOs crs EGu 21 

92 2668 e 

BS Bee ® 

94 Ono8 RRERERHRRAROERETARAAARE ARR EERE EN AAKAHSHE RAKE E RATER eee 
95 veeo a . 
96 8200 « VARIABLES ’ 
97 8828 a 9 
96 8088 PPT TTTTTTITILITT TTT T LTS Tet 
93 BLO t ; 
188 Beaee * 

181 119% ORG VARAB 

382 1191 #2 PKEY DB @ PREVIGUS KEY VALUE - 
193 1392 we LKEY O68 8 SAavVEC KEY VALUE 

164 1393 6e REGi 08 @ GP REGISTER 

485 1194 88 OD LPNTR Dw 8 LDOP COMMAND POINTER 

106 3196 88 68 L2 Ow 8 CFUN POINTER 
2107 1196 « 
166 1198 w INITAILIZE REQUIRED VARAIBLES 

168 1198 t 

tie 1198 B62. SMaASK DB B SAVED SCAN MASK 

111 1199 68 KMODE DB ® KEYBOARD MODE FLAG 

112 180A FF RMODE OB OFFH . REPEAT FLAG 

413 1198 t 

ai4 1196 : a OUTPUT DATA BUFFER 

115 1188 * 

116 1198 oe OADRL DB ®@ ADDRESS LOK 

117 119C 86 DADRH DB ® ADDRESS *MIGH 

118 1190 @@ TOaTta OB B DaTa If 

119 119E 66 ODATA DB @ OATA OUT 

126 119F we OMSB DB @ HSH OF HEX OISPLAY 

121 1148 BB of 58 O8 6 LS& GF REX OISPLAY 

122 1341 88 obISP OB @ OISPLAY CONTROL 

123 1142 66 OCNTi OB B CONTRECL BYTE OKE 

124 1143 068 OCNT2 DB 6 CONTROL BYTE THO 

125 3144 &6@ OKY8D DEB 6 KEYECAROD 

126 1145 08 OSTAT DB @ STaTuS LIGHTS 

127 3146 e 

128 1146 « FUNCTION KEY DEFINITION AREA 

129 1146 a - 

13@ 1146 KF Y 0S 2n8 

131 126E KF2 DS 20¢@ 

132 1336 KFS DS 288 

133 L3FE * 

134 13FE t 

135 13FE PWOUUTOTTTTITITITICT TTT t iii Cite id 2 
136 L3FE : ® * 
137 ASFE a POWER FAIL, RESET ROUTINE e 
138 s3FE t a 
139 iASFE WOTTTITIITIT ITT Titi Le hh dlbiiaiiele 
140 ASFE * 

341 13FE ® 

142 Bboe ORG BB20H 

143 @000 31 9e 13 RESET LXI SP,STACK GET STACK POINTER 

144 Bees 21 S56 Be ' L&I H,OINIT GET INIT ADDRESS 

145 pees 13 98 14 LXI 0, SMASK GET BUFFER 4DDRESS 

146 gees BE eE MyI C,NINIT LENGTH 

147 8865 CD ad 23 CALL MVAR MOVE IT 


148 BRE 3E 66 MVI A,CDEF RESET FUNCTION KEYS 


149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
i159 
168 
164 
162 
163 
164 
165 
166 
167 
168 
169 
1798 
171 
172 
173 
174 
175 
176 
177 
178 
1709 
1628 
181 
1862 
163 
144 
185 
186 
187 
168 
189 
19a 
191 
132 
193 
194 
195 
196 
197 
198 
199 
20e 
261 
282 
203 
204 
235 
206 
287 
206 
249 
21% 
ait 
212 
213 
214 
21:5 
216 
217 


eeie 
oe13 
8016 
8819 
BeIC 
BeIF 
8820 
8023 
8823 
Bbe5 
e625 
e023 
ee23 
ee23 
e025 
ee26 
8825 
ee286 
B25 
8028 
e026 
BE2E 
08351 
Be3a 
86355 
86355 
8835 
0835 
8835 
BB35 
8835 
BBS5 
6835 
08358 
BeS8 
@858 
2a3a 
6236 
@039 
BSC 
@a3F 
O41 
Ba44 
aa45 
8046 
B84? 
6347 
e847 
3247 
Obaa 
eeac 
ao4F 
e052 
8033 
8356 
4356 
@a36 
8056 
3956 
@056 
0056 
as56 
@eS6 
@e56 
@356 
@a56 


@a56 a@ 
e057 aa 
ae58 FF 


26 
co 
C3 


FS 
ga 
Fa 
SE 
32 
Fi 
Fe 
co 


31 
3€ 
32 
co 
Fa 
cs 


a6 


36 
tT) 
Ca 


72 


ee 
38 
33 


68 
A2 
69 


ga 
47 


9a 


9@ 
oF 
Al 
82 


72 


83 
8B 


iT) 
es 


ii 
aa 


ui 


11 


11 
as 
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* 
s CLEAR ENTRY, 


11 12 
STA KF} 
STA KF2 
STA KFS 
CALL DOUT UPDATE 
CALL SALE STROBE ZERO ADDRESS 
EI ENABLE INTERRUPTS 
JMP CMD WAIT FOR COMMAND 
* 
s USE THIS ROM SPACE (21 BYTES) 
: | 
: 2 
» THIS GUY CLEARS A SINGCE CONTROL BIT 4S PER & REG HASK 
a 
CLR MVI B,B GET DATA 
CLR2 CALL DBIT CLEAR BIT 
JMP CRST2 REUSE CRST CODE 


* 
« THIS GUY RESET BOTH CONTROL WORDS 
& TO THEIR INITAIL CONDITIONS 
* 
Cc 


RST LHLD SINT CONTROL RESET 


SHLO OCNTI 
CRST2Z CALL DOUT 

RET 
*- 
PT he 


RERRERAATAEKERAEERAEERETEETRAEKAEHEAEEAEEERAEEERERATERADRAHES 
8 

RESET 7 ROUTINE , 

a t] 

AREAKRSRAARARARAAARAAAETKERARARERKERHEKERARARRAERRERAEHEREAARAEE RD 

* 

t 


ORG 38H 

t 

@ CHECK REPEAT KEY MODE 

t : 

RST7 PUSH PSa “SAVE PROC STAT 
LOA RMODE REPEAT MODE ? 
Je RST738 NO 
MVI A, OFFH YES, CLEAR IT 
STA RMOOE 
POP PS» RESTORE PROC STAT 
el 
RET 

e 

a NORMAL CLEAR ENTRY 

* 

RST78 LxXI SP,STACK RESET STACK 
MVI A,OFPp BLANK OISPLAY 
STA OOISP 
CALL OOuT 
El ENABLE INTERRUPTS 
JMP CMO WAIT FOR COMMAND 


. 
QARARTAARAAARRARAAARAREAARARAARARHAHARAARARRAARARRNADARHTERESE 
e ; 
e CONSTANTS 

s 
AAREAERAAEREAERREERHRARERAEEHSRAERAEAARAAAAARAATKRARAEAKERAEEEREE 


2 
® 
a VARIABLE INITAIL CONDITION VALUES 
a 
Le} 


INIT O08 @ SAVE MASK 
0B @ KMODESLOCAL 
DB OFF OTSABLE REPEAT KEY 


4,370,728 
13 14 


218 3a59 aa . 08. 2 ADORESS LOw 

219 OG5A 22 08 @ ADORESS HIGH 

228 0658 a2 . 08 8 DATA IN (MEANINGLESS WRITE) 
221 e885C a¢ +08 @ OATA OUT 

222 @050 82 08 @8a8n MSB OF HEX OLSPLAY 
223 Q@@5E 85 DB a85r LSB OF MEX OISPLAY 
224 Q@35F aa 08 @ OTSPLAY CONTROL 

225 2868 C3 SINT O8 @C3r CONTROL BYTE ONE 

226 361 48 SINT2 08 @ CONTROL BYTE THO 

227 22962 62 068 @ KEY6BQARO 

228 8963 @1 OB 1 STATUS LIGHTS 

223 Qd864 * 

238 8264 2 CFUN ARRAYS 

231 Ba64 ® 

232 2064 EA SIN 08 GEAK. READ STATUS 

233 @a65 £2 08 BE2n- ALE STROBE 

234 8666 62 08 @62n REAO 170 

235 0267 * 

236 9067 ES souT 08 @E9H aRITE STATUS 

237 0a66 E1--:- - +s 08 GEIn ALE STROBE 

238 @¥69 Al SOUT2 O38 @a1n WRITE 170 

239 2364 C3 08 @C3n RESET : 

248 6068 ® re 

241 0868 Ca - .°» $LDA 08 BCAr READ STATUS 

242 aa6c C2 68 8Can ALE STROBE 

243 8360 42 O08 842A READ MEMORY 

244 406E * 

245 2eG6E ce S8STA O08 ECOr WRITE STATUS 

246 BuoF C4 06 eCikH ’ ALE STROBE 

247 e720 61 s$Ta2 O08 881+ a&ITe MERORY 

248 oa@71 C3 DB @C3r RESET 

2644 #872 a 

256 0272 e 

251 ¢872 PPUETeTTTTITTITITITi Tice t cert rit 
252 Bb72 * e 
253 e072 e COMMAND ENTRY STATE a 
254 9272 t : e 
255 8672 PPOPeTT TTT TITEL Titi titties id 
256 0072 ® 

257 8072 * 

258 pe72 * 

259 8072 eo SET COMMAND STATUS IN LITES 

266 Be72 & 

261 @872 3E 61 cho MVI A,SCMD GET COMMAND STATUS 
262 e874 32 AS id STA OSTAT SAVE IN BUFFER. 

263 e077 CD 8a os. CALL DQUT 

264 8870 CO E1 82 CALL RKEY BAIT FOR KEY DOWN 

265 @@7bD 3D OCR A MAKE @ TO Ne} 

266 aB7E 67 RLC JIMES 2 ; 
267 pB7F 23 SE Be LxXI H,JMTAB GET JUMP TABLE BASE 
268 eb62 CO 2D B2 CALL ADAHL ADD TO wL 

269 @e65 SE MOV E,m GET AODRESS 

279 8e86 23 INX WEXT BYTE 

271 Bab? 56 MoV O,™ 

272 e866 21 72 88 LX1 w,CMD GET RETURN ADDRESS 
273 Cesb E6 xcnG PLACE IN HL 

274 b88C 05 : PUSH D PUT RETURN IN STACK 
275 B@8D ED PCHL JMP INDIRECT 

276 BO8E ® 

277 BGbE @ COMMAND JUMP TABLE 

278 BeBe a 

279 @ebE C4 Be JMTAB Dw ADR @-aDDRESS 

286 e@98 05 Be Dw DATA 1eDATA 

281 ees2 OC eg Dw REO 2=RESEY OUT 

262 e294 £1 B88 Ow $00 SeSERIAL DATA OUT 
283 pe96 EE oi _ Dw REP 4mREPEAT 

284 9998 58 61 Dw DEF SeDEFINE FUNCTION 
255 OSA OF BI Dw . CE 6-CLEAR ENTRY, RST 7 
286 Best 38 el Ow. HLDA 7enMOLD ACKNOWLEDGE 


287 BOSE 15 Bi Dw WR BebRITE 


268 
289 
298 
29) 
292 
293 
294 
295 
296 
297 
2968 
299 
388 
31 
302 
383 
324 
305 
$06 
307 
ado 
389 
310 
Sid 
$12 
313 
314 
315 
316 
317 
316 
319 
326 
923 
322 
323 
324 
325 
326 
327 
326 
329 
33@ 
331 
332 
333 
334 
335 
336 
337 
338 
338 
3a 
341 
342 
343 
gaa 
345 
346 
347 
348 
349 
358 
351 
352 
353 
354 
355 
356 


BOAR 
epa2 
COa4 
OGAa6 
ease 
ORAA 
eoac 
O@aE 
eebe 
eeb2 
OoB4 
@BB6 
Be5B 
eeBa 
eeac 
BEbE 
@ece 
oec2 
erca 
eC 
veeta 
eec4 
evca 
eecd 
pece 
eoca 
eacs 
BeC4 
ecl7 
BCA 
pecc 
eecr 
,8PD4 
eed4 
Beds 
eeos 


co 
co 
SE 
cD 
se 


Cb. 


c9 


QOL... 


peds 
eeo8 
eeDs 
@edc 
eodc 
eedc 
Beoc 
BEDE 
@bEL 
BEL 
BOEL 
Mees 
GES 
poes6 
BEE 
@eEs6 
@RE6 
BES 
BoEC 
@eEF 
@orFe2 
2oFS 
Bers 
ZOFS 
BeFS 
@BFS 
@oFs 
ObFC 
QeFF 
6102 
e1e5 
8186 


cD 
cD 
to 


SE 
cs 


sé 
cs 


cp 
co 
21 


CD 
co 
cs 


co 
Co 
21 
co 
co 
21 


68 
88 
#3 
76 
es 
23 


3E 
8e 


ea 
14 


2 
i4 


28 
40 
64 
62 
FS 
2B 


2B 
40 
67 
65 
3E 
69 


82 
3 


83 


Be. 


e2 


@3 


2 


oe 
82 
be 
es 
@1 
ee 


e8 
2 
be 
Bs 
82 
8d 


4,370,728 


15 


* 


* 
« COMMAND CODE 
“ 


16 


SeINTERRUPT ACKNOWLEDGE 
1@-10 OR MEMORY 

T1-LOAD A REGISTER 
12-STORE A REGISTER 
LSeKESET 

14eRam TEST 

15-kOM TEST 

16=CLOCK 

17-READ 

18-FUNCTION 1 
USeFUNCTION 2 
2@°FUNCTION 3 
ZieaDDRESS LATCH ENABLE 
22-STATUS LINES 

23- INPUT 

24eO0UTPUT 

25-REaD BUS 

26-ENTER DATA 


KRSATHHRARARAKREARAAREOKRETEEEKETETAERERER HEHE ERKREAKR ERS ERE RENEE 


REEKARAERAARARERARERTEREHOSARERE EAE RHERERRERAEERE RR ERE EER ATES 


a 

# ADDRESS REQUEST 
® 
&OR CALL GA4 
CALL DOUT 
MVI A, MALE 
CALL SET 
MVI A,MALE 
_ CALL ELR 

RET 


SALE 


e 
e DATA REQUEST 


a. 

pata CALL GO2 
CALL BOUT 
RET 


a 

« RESET OUTPUT 
® 
REO 


HVI A,MREO 
JMP DOBIT 


® 

x SERIAL DATA OUT 
t 
gs0D MYI A,MSOD 
JMP DOBIT 


® 

e INPUT 
« 
IN CALL CRST 
CALL GA2 
LXI W,SIN 
CALL CFUNS 
CALL RBUS 
CALL CRST 
RET 


* 
« OUTPUT 


CALL CRST 
CALL GA2 
LxX1 H,SOuUT 
CALL CFUN2 
CALL GD2 
LX1 4,S50UT2 


out 


GET 4 NIEBLE ADDRESS 
UPDATE mS 
STROBE ALE ONLY 


GET 2 NI6BLE DATA 
UPDATE 


GET MASK 
GET MASK 


CONTROL RESET 
GET -PORT ACORESS 
CONTROL FUNCTIONS 


READ TRE 8US 
CONTROL RESET 
DONE 


CONTROL RESET 
GET PCRT ADDRESS 
COATROL FUNCTIONS 


GET DATA 
CONTROL FURCTICNS 


357 
358 
359 
36e 
361 
362 
363 
364 
365 
366 
3o7 
968 
$69 
370 
373 
372 
373 
374 
375 
376 
377 
378 
379 
360 
381 
382 
383 
384 
365 
386 
387 
368 
369 
S89 
39} 
392 
353 
354 
395 
396 
397 
396 
399 
208 
481 
482 
a®s 
4g4 
4B5 
4906 
407 
408 
au9 
aie 
4ii 
4i2 
413 
4ai4 
eis 
416 
417 
418 
419 
a2b 
421 
422 
423 
424 
425 


eie8 
G1iGE 
OiBF 
e1aF 
BiOF 
QioF 
61128 
@1i8 
e112 
e1ip 
€112 
biis 
115 
e115 
wird 
@117 
oia 
@1lA 
Glia 
@lia 
eiic 
B11 
@li1e 
O11F 
@iiF 
e121 
6124 
e124 
0124 
e124 
ai27 
e124 
612b 
0156 
B13S 
61356 
6137 
@137 
@137 
@137 
Oidsa 
@13D 
6144 
8143 
#146 
eie9 
BI4C 
e140 
e140 
B14D 
8140 
@14E 
W1s6E 
B1l4E 
Biase 
QiaF 
@14F 
Bi4aF 
Qi4aF 
8152 
e150 
@156 
Bis¢e 
@153 
@io4 
8157 
0156 
wisB 
BISC 


co 
coe 


co 


3€ 
C3 


Se 
c3 


$e 
Cs 


3E 
cs 


Cb 
cD 
21 


co 
co 
C9 


Co 
co 
2) 
CO 
cD 
21 
cD 
cs 


cy 


C9 


cs 


3A 


Ca 
AF 
32 
C9 


65 


82 
14 


26 
14 


81 
14 


BS 
14 


26 
69 
6B 
62 
F5 
26 


26 
69 
6E£ 


65. 


$e 


65 


99 
oc 


S$ 


es 


C2 


G2 


62 


b2 


ee 
2 
ee 
83 
81 
Be 


a8 
62 
a2 
a3 
v2 
Be 
a3 


11 
81 


41 
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DONE 


GET waASK 


GET MASK 


GET MASK 


GET MASK 


CONTROL RESET 
GET MEMORY ADDRESS 
CONTROL FUNCTICNS 


READ BUS 
CONTROL RESET 


17 
CALL CFUN2 
RET 

t 

« CLEAR ENTRY 

« 

ce RET 

* 

a HOLD ACKNOWLEDGE 

t 

HLOA MMVI &4,MHLDA 
JmP DOBIT 

* 

« WRITE 

a 

eR mVI A,MbR 
JMP OOB8IT 

Li 

« INTERRUPT ACKNOWLEDGE 

* 

INTA MVI A,MINTA 
JMP DOBIT 

* 

«» 140 OR MEMORY 

a 

yORM mVI A,MIOEM 
JMP DOBIT 

e 

» LOAD A REGISTER 

La 

LDA CALL CRST 
CALL Gad 

LO42 LxI H,SLDA 
CALL CFUNS 
CALL RBUS 
CALL CRST 
RET 


* 

w STORE A REGISTER 
* 
STA Catt CRST 
CALL GAG 
LXI H,SSTA 
CALL CFuUN2 
CALL GD2 
LX1 H,SSTA2 
CALL CFUN2 
RET 


* Ps 
a RESET 


* 

RSET RET 

* 

x RAM TEST 


cI 

RAM RET 

* 

« ROM TEST 
® 
ROM RET 

* 

« , DEFINE FUNCTION 
a ts 

DEF LDA KMODE 
ORA A 

Jz DEFI 
XRA A 


STA KMODE 
RET : 


DONE 


CONTROL RESET 
GET MEFKORY AODRESS 
CONTROL FUNCTICNS 


GET DATA 
CONTROL FUNCTICNS 


DONE _ 


EXECUTING 7? 

SET FLAGS 

KO, DEFINE KEY 
YES, RESET MODE 


426 
427 
426 
429 
436 
a3i 
432 
433 
434 
435 
436 
437 
436 
439 
448 
441 
442 
443 
444 
445 
446 
447 
448 
4ag 
a5Q 
451i 
452 
453 
454 
435 
456 
457 
a56 
459 
469 
465 
462 
483 
464 
465 
466 
467 
468 
469 
476 
a7. 
472 
473 
a74 
475 
476 
a77 
478 
479 
46e0 
asi 
462 
463 
464 
465 
486 
487 
488 
469 
4dz 
a9} 
492 
493 
a54 
495 


B1SC 
615 


W190 


@35D 
a16e8 
2163 
e366 
@169 
@16C 
@16E 
01714 
¢€173 
B176 
6178 
B176 
BI7E 
e164 
Biba 
8187 
B1igA 
B18D 
B19 
O8y93 
8196 
g189 
@19a 
e190 
Oia 
Gilad 
Bis5 
wiA8& 
B1A9 
BlAA 
Biac 
eiaF 
eiBbe 
Ripe 
8188 
Biba 
oi1Be2 
e185 
@165 
@185 
@185 
61B8 
O1BB 
piss 
o1i88 
61b6 
@I8E 
oicy 
ici 
@1icy 
Bic, 
eica 
@1C7 
@1C7 
e1Cc7 
B1C7 
BicC9 
@1CC 
@eiCc 
eicc 
wif 
wicr 
e1b2 
vida 
eids 
w©i1p7 
wida 


3e€ 
cs 


21 
cs 


21 
c3 


23 
c3 


se 
C3 


ai 
ce 
4@ 
6a 
>| 


7E 
44 
64 
15 
8A 
69 


80 
6E 
8D 


36 
9a 
Ag 
oF 
OF 


94 
85 


@6 
8p 


7 
14 


a6 
24 


6E 
24 


36 
24 


83 
14 


35 
3 
e1 
ne 


93 


41 
be 
43 
3 
a2 


Gi 


ti 
82 


12 
62 


13 
82 


83 
11 


19 
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» DEFINE FUNCTIUN KEY KERE 


* 
DEF} 


DEFe 


DEFS 


DEF a 


OEFS 
OEFS6 


DEF? 


XRA A 

STA ODISP 
LXI w,e 
SHLD OLSB 
CALL DOUT 
CALL RKEY 
CPI CF} 
JZ DEFS 
CPi CFe 
JZ DEFa 
CPI CF3 
JZ DEFS 
JMP DEF2 
LXI W,KFY 
JMP DEFE 
LXI H,KF2 
JMP DEF6 
xl H,KFS 
SHLD LPNTR 
STA OLSS 
CALL DOUT 
LOA OMSB 
INR A 

STA OMSB 
CALL RKEY 
LHLD LPNTR 
CPI CREP 
JZ OEF7 
MOV M,A 
INx FR 

CPI CDEF 
JNZ DEFE 
RET 


@ READ 


* 


MV1 
JMP 


A,MRD 
0OBIT 


e FUNCTION 1 


* 
Fi 


LXI H,KF1 
JMP FKEY 


e 
* FUNCTION 2 


* 
F2 


5 


LXI HAKF2 
JMP FREY 


a FUNCTION 3 


e 
F3 


« 
ale 


td 

« $8 
* 

Sai 


LxI H,KFS 
JMP FKEY 


KVI A e MALE * 
JMP DOBIT 


& S} MODES 


CALL GO1 
STA REG) 
ANI 1 

MOV B,A 
MVI A,MSO 
CALL DBIT 
LDA REG) 


USE £ CIGITS 


GET ¢ 

ZERD SISPLay 
UPDATE 

GET FUNCTION KEY 
Fi ? 

yes 

F2 ? 

ves 

F3 7? 

YES 

ONLY 4CCEPT FUACTION KEYS 
DEFINE Fi 


DEFINE Fe 


DEFINE FS 

SAavE POINTER 

PUT KEY IN DISPLAY 
UPDATE 

GET COUNT 

BurP 

Save 

GET NEXT KEY 

GET POINTER 

SINGLE STEP 2? 


YES 
KO, SAVE KEY 
BUMP POINTER 
DONE ? 

NO, CONTINUE 
YES, QUIT 


GET MASK 


GET FUNCTION ADDRESS 
TREAT AS FUNCTION KEY 


GET FUNCTION ADORESS 
TREAT AS FUNCTION KEY 


GET FUNCTION ADDRESS 
TREAT 4S FUNCTION KEY 


# ADDRESS LATCH ENABLE 


GET MASK 


GET Sata 

Save 

STRIF LOw BIT 
SAVE In B 

GET MASK 

SET 6IT 

GET DéTA AGAIN 


496 
497 
ag6 
499 
See 
581 
582 
583 
504 
5a5 
5e6 
507 
508 
5e9 
51B 
511 
512 
513 
514 
$15 
516 
$47 
5348 
519 
528 
521 
522 
523 
$24 
525 
526 
$27 
$28 
529 
5328 
531 
532 
533 
534 
535 
536 
537 
5368 
539 
549 
541 
§42 
543 
544 
545 
546 
5a? 
$48 
$49 
55u 
591 
552 
$55 
954 
555 
550 
557 
558 
559 
56z 
S61 
562 
563 
564 


e100 
@10F 
G1E8 
@1iE2 
@sE5 
ei1c8 
BIE9 
@1iE9 
BIES 
Bie9 
@1E6 
@iEE 
@iEE 
PiEE 
IEE 
BiF 1 
Gir 4 
GIFS 
B1FS 
@1F5 
e1FS 
@1F7 
@iFA 
@iFOD 
piFe 
@ILFF 
6262 
e205 
6206 
2206 
8206 
@206 
e229 
w2BA 
g2e0 
O20E 
b211 
e214 
@214 
e2i4 
e214 
e217 
e2i1A 
@210 
e226 
e223 
e224 
e224 
6224 
v224 
8227 
6229 
e22c 
6220 
e220 
v2ed 
220 
e220 
¢22D 
e220 
e220 
6220 
e220 
e22€ 
veer 
2232 
e253 
B254 
e234 


E6 
47 
se 
Co 
co 
Ce 


3eé 
63 


3A 
32 
cs 


3é 
32 
21 
77 
7E 
32 
CD 
cs 


32 
3A 
co 


cs 


#2 - 


e1 
3B 


bo. 


83 
a4 


@4.. 


A 


ec 
FB 


A® 
8D 


94 


38 


es 
es 


1hs 


11 


13 
FF 


il 
13 


i 
®1 


ii 
62 


i1 


3 


it 
it 
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: ANT.2. STRIP KEXT BIT 
MOV B,A SAVE IN 6 
WV] &,MSi GET mas« 
CALL DBIT SET B17 
. GALL bout UPDATE 
RET DONE 
t 
e CLOCK 
« 
CLK MyI a, MCLK GET Mask 
ays DMP DOBIT 
st 
« REPEAT 
t 
REP... LOA PKEY GET FREVIOUS KEY 
STA RMODE SAVE aS FLAG 
RET DONE 
* 
« READ 5US 
a \ 
RBUS MMVI. A, BCH GET BLANKING CODE 
STA ODISP SAVE 
LXI W,4DATI GET aCORESS 
MOV M,A STROBE LATCH 
MOV A, GET DATA 
STa OLSB PUT IN DISPLAY 
CALL OOUT UPDATE 
RET DONE 
t 
* ENTER VALUE is 
t 
ENTR LHLD OADRL GET ADDRESS 
JINX # - BUMP 
SHLD OADRL AWD SAVE 
MOV Ask GET LOw BYTE 
STA ODATA SAVE 
JHP LDA2 TREAT AS LOA 
CI 
e DOBITS GENERAL B1T COMMAND HANDLER 
® 
OOBIT STA REG! SAVE WASK 
CALL GO1 GET Data 
LOa REGi GET MASK 
-CALL DBIT SET BIT 
CALL OOUT UPDATE 
RET ‘ DONE 
s 
& FREY? GENERAL FUNCTION KEY HANCLER 
* 
FKEY SHLD LPNTR UPCATE LOOP PDINTER 
AVI Ack SET KEYBOARD 
STA KMODE LOCAL MODE 
RET 60 YO IT 
2 
PERERA AARERAEAT HERO TEREAAALERF RARER EHEARERE AEE ResEERAAES 
. a 
e UTILITY SUBROUTINES * 
* e 


ATRAAAATAAEETHERARETETTERARHAAERKORORERORES ASHER ERE REE EEEE 


® 
a ADAKLS ‘ADDS A TO FL RESULT IN HL, NO OTHER GEGS, AaFFECTE 
t 
ADAHL ADO L 
MOV L,4 
JNC ADAH 
INR 
ADAH RET 


* 
® 


$65 
566 
567 
566 
569 
572 
573 
372 
573 
574 
575 
$76 
577 
578 
579 
564 
584 
582 
583 
584 
585 
$86 
587 
586 
589 
596 
$91 
$92 
593 
594 
595 
596 
597 
596 
599 
686 
6e1 
682 
603 
604 
6a5 
606 
607 
608 
6a 
616 
612 
612 
613 
614 
615 
616 
617 
618 
619 
626 
621 
622 
623 
624 
625 
626 
627 
625 
629 
636 
634 
652 
653 


B2354 
e234 
e234 
w2ga 
B234 
B254 
B2354 
e234 
€235 
8235 
e235 
6235 
e235 
e235 
6235 
e285 
@235 
B235 
e235 
237 
@Z234 
#230 
O25E 
@23E 
B25E 
G23e 
8240 
w243 
0246 
8249 
624C 
e240 
e2ad 
e240 
e240 
@24aF 
8252 
e255 
e258 
e256 
“e25C 
e25F 
"262 
e265 
e268 
6269 
€269 
e209 
v2ts 
e266 
w26e 
e271 
e274 
0277 
e274 
@27D 
G27E 
628) 
e264 
e265 
e265 
e285 
e265 
e266 
B269 
@26c 
B2eF 
p29) 
e254 


C9 


3e 
CO 


co 


3E 


CD 
co 
32 
ce 


3E 
co 
co 
co 
RA 
70 
32 
22 
32 
32 
ce 


SE 
CD 
co 
co 
CD 
CO 
aa 
7o 
32 
22 
co 


32 
AF 
32 
32 
SE 
32 
CD 


a4 
85 
Da 


24 
85 
98 
04 
SE 


14 
85 
9B 


48 


gE 
98 
9E 
gc 


ac 
85 
96 
96 
96 
Da 
AG 


SE 
95 


aS 


AG 
oF 
er 
Ay 
88 


G2 
e2 


G2 
@2 


11 


62 
82 
82 
11 


ii 
41 
41 
ii 


b2 
G2 
v2 
G2 


41 


41 
11 
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23 24 

AERA KK EERE E KARST RARE AREER O ERE REEREERRE RHEE K EH RE REE 
* * 
@ ERROR ROUTINES — & 
* * 


RECRAAEAAKAKARARTETERPERETARAKEREAEKEREAEEARHKHAHEKERESERAEEE 


® 
® 
ERR 
* 
* 


® 
* 
i 


EEARAARAKAETAACAEKATEAKETRETARERHEREHAKHEEAAARHERERRSK EK HKERERD 


RET 


GET ADDRESS & DATA 


SERAKKAERAEARREERTREKATEKKERKERKAKASRHRARERERRERERREKHEREREES 


BYTES 


a 
« GET DONE DATA NIBBLE 


e 
GD} 


t 
] 


* 
GO2 


t 
G42 


« 
® 
a 
Gaa 


t 
* 


* 
p1lG 


BYV1 A,SD1 GET STATUS BYTE 
CALL 01608 GET 3ST CIGIT 
CALL QUAL WAIT FOR ENTER 
RET DONE 

GET TWO DATA NIGBLES 
MVI A,SD2 GET STATUS BYTE 
CALL DIGB GET 187 DIGIT 
CALL DIGi GET 2ND DIGIT 
CALL OUAL 
STA ODATA muST BE DATA BYTE 
RET DONE 

GET TwO ADDRESS NIBBLES 
MVI A,SA2 GET STATUS BYTE 
CALL OIGe GET IST DIGIT 
CALL OIG! GET 2ND DIGIT 
CALL QUAL 
LHLD OLSB GET ADDRESS 
MOV Ack MOVE TO A 
STA ODATA SAVE 
SHLD OADRL SAVE 
STA ODATA SAVE AS DaTa 
STA OADRKA SAVE AS ADRH 
RET DONE 

GET FOUR ADLRESS NIBELES 
MV] A,SAS GET ST#Tus BYTE 
CALL 0162 GET iST DIGIT 
Cait O1G1 GET 2kh0 GIGIT 
CALL DIG) GET SRD DIGIT 
CALL DOIG1 GET “TH DIGIT 
CALL QUAL 
LHLD OLS6 GET ACDRESS 
MOV Aol SavE Ik A 
STA ODATA SAve 
SHLO OADFL SAVE 
RET 

SET LITE STATUS, GET 18ST DIGIT 

@ STA OSTAT SAVE STATUS 
KRA A GET ZERO 
STA OLSB CLEAR DISPLAY 
STA OMSB CLEAR DISPLAY 
MVI A,OFH 
STA ODISP BLANK DISPLAY 
CALL DOUT UPDATE 


634 
635 
636 
637 
6365 
639 
644 
64) 
642 
643 
644 
645 
646 
647 
648 
64g 
656 
654 
652 
653 
654 
655 
656 
657 
655 
659 
660 
663 
662 
663 
664 
665 
666 
667 
666 
669 
672 
671 
672 
073 
674 
675 
676 
677 
676 
679 
682 
683 
682 
683 
664 
685 
6686 
687 
686 
68S 
69a 
691 
692 
693 
694 
695 
696 
697 
696 
699 
7282 
701 
782 


e257 
@2RA 
8298 
e298 
296 
62968 
P2VE 
G2AR 
B2Ah 
e2A2 
@e2a3s 
V2AS 
@2heé 
@2AaQ 
@2A8 
2aE 
6258 
e2By 
6262 
e265 
e266 
O269 
e2Bc 
@2BF 
e2Ce 
82C5 
e2cé 
B2CA 
@2CB 
Becc 
@2c0 
0206 
e2d38 
e2d4 
B2D6 
B204 
az0e 
@2D7 
rae 
e20C 
@2dF 
C2E8 
Gee} 

e2E) 

w2Et 
@2E1 
e2Ei 
@ZEi 

@2E3 

@2k3 

B2E1 
@2E. 
@2E1 

@2E1 
C2E1 
“2E4 
e2b4 
B2E5 
oZ2e8 
@2E6 
@2ts 
Bze6 
w2EB 
R2EC 
B2ED 
e2ed 
ZED 
e@2EeD 
v2FO 


Cb 
c9 


Cv 
BE 
ec 
ec 
ac 
ac 
D6 
F2 
C6 
F2 
cé 
81 
47 
SA 
a7 
32 
ZA 
CD 
co 
Co 
co 
3eé 
Aa 
Ba 
67 
22 


cs 


cp 
FE 
C2 
3a 
47 
cy 


Sa 
67 
C2 


3a 
B7 
Fe 


3A 
32 


98 


Ei 
FC 


a7 
A@ 
2 
9B 
64 


Ai 
Al 


ac 
ac 
ac 
ac 
Fe 


oF 
Bo 


| 
18 
C4 
ae 


S9 


32 


9A 


92 
91 


b2 


Be 


e2 


82 


41 
ii 
@3 
a3 
@3 
e3 


b2 


2 
i 


as 


1 


ii 
11 
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25 
CALL DIG} GET 


RET DOKE 


A DIGIT 


26 


» GET ANOTHER DIGIT, (SHIFT THE OTHERS) 


® 
DIGi CALL RKEY 


WAIT FOR KEY 
mMVI C,252 PRESET C 
DIGA INR C apo 4 7o Cc 
INR C 
INR C 
InRk C 
SUI 7 SUBTRACT A ROW 
JF DIGA UNTIL NEGATIVE 
aol 2 DO MAX CHECK 
JP DIG! REJECT TRIS KEY 
ADI 4 COMPLETE RESTORE@1 
ADD C ADD IN ROW OFFSET 
MOV B,A SAVE NIBBLE IN B 
LDA ODISP GET BLANKING 
KLC ROTATE 
STA ODISP REPLACE 
LHLO OMSB GET OISPLAY DIGITS 
CALL RLAL ROTATE LEFT 4 PLACES 
CaLL RLAL 
CALL RLHL 
CALL RUHL 
MVI A, @F@H STRIP 
ANA H OLO DIGIT 
ORA B MERGE NEw DIGIT 
MOV HA REPLACE BYTE 


SHLD OMSE REPLACE DISPLAY DIGITS 
CALL DOUT UPCATE 
RET 


« 
« QUALIFICATION TEST 
e 


QUAL CALL RKEY 
cPl 2? EXTER ? 
JNZ QUAL NOFE, TRYAGAIK 
LD& OLS GET, LSB IK A 
MOV B,A MCVE TO B 
RET 


* 


* 
PPT TTTTTIT CTI TTET Tectia 


° 
* 
* 
* 
* 
® 
* 
* 
« CHECK FoR LOCAL MODE 
* 
RKEY LOA KMODE GET 

ORA A 

JNZ KLOC SET 


* 
« CHECK FOR REPEAT KEY 
LOA RMODE GET 


ORA A SET 
RP YES 


FLAG 


FLAG 


« WE wILL NOW READ A KEY FROM THE USER 


L04 LKEY 


UPOATE OLD 


STA PKEY VALUE 


THIS ROUTINE READS A KEY HIT FROM TRE KEYBOARD, 

IT ODES NOT RETURN UNTIL 4 VALIC KEY PRESS aS BEEN 
DECTECTEDe ALL REGISTERS ARE USED AND KEY CODE IS 
RETURNED IN TRE A REGISTER, : 


WrrrrerrrrrreerivTiriiiites titi i titi tit till LL s 


si 
t 
t 
* 
* 
a 
* 


703 
7@4 
765 
706 
767 
786 
7e9 
71@ 
741 
712 
713 
714 
715 
736 
737 
718 
719 
720 
721i 
722 
723 
724 
725 
726 
727 
726 
729 
732 
731 
732 
733 
734 
735 
736 
737 
738 
738 
748 
743 
742 
743 
744 
745 
746 
747 
748 
749 
75¢e 
753 
752 
7353 
754 
755 
756 
757 
758 
759 
764 
761 
762 
763 
764 
765 
766 
767 
766 
769 
77@ 
774 


mer 3 
&2F6 
@2F6 
O2F§& 
e2F6 
e2Fre 
e2re 
@2FC 
weFF 
568 
63e3 
8383 
63u3 
6363 
e305 
O3a6 
6307 
3308 
B3e8 
BSC 
asec 
@30C 
@3eCc 
O3UE 
B31 
@Sil 
9312 
2315 
#316 
e319 


“6318 


8319 
e319 
B5iC 
B31iCc 
83iCc 
@31ic 
e310 
OSiF 
e320 
e321 
@324 
8325 
9325 
8325 
g325 
@326 
e329 
8328 
@s2eE 
@32E 
BS2E 
@32E 
BS31 
8332 
@®332 
B3S2 
23352 
@335 
23536 
8337 
@S3A 
83358 
@338 
6338 
@336 
@336 
8338 
B338 


21, 


6 
SA 
BE 
Ca 
ed 
C2 


6 
78 
e? 
47 
32 
77 


gE 
SE 
OF 
ed 
Ca 
BE 
C2 


32 


78 
86 
B4 
OF 
Da 
78 


80 
CA 
cé 
cs 


32 
co 


2A 
7E 
25 


ce 


FF 


64 
98 


F6 


FB 


7F 


a4 


07 
HF 
es 


18 


968 


iF 


2eE 
07 
25 


82 


94 


84 


FD 


13 
B2 


2 


1) 


es 
BS 


11 


#3 


UR) 


41 


ii 


11 
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27 28 


LXI HH, AKYBO SET M TO KEYBOARD ADDRESS 
e 
« DELAY FROM LAST KEY RIT 


* 
KEY@ MVI B,KTIME SET TIMER 


KEY? LDA SMHASK RESTORE MASK 
CMP NM KEY DOuN ? 
JZ KEYG YES, RESET TIMER 
DCR B hO, DECREMENT TIMER 
JNZ KEY] TEST KEY AGAIN 


COLUMN SCAN 


e 


MVI B,7FH INIT SCAN BYTE 
RKEY2 MOV A,6 SCAN BYTE IN a 
RLC ROTATE A LEFT 
MOV B,A SAVE IN B REG 
ST& OKYBD SAVE IN OUTPUT BUFFER 
MOV M,A SEND TO KEYBOARD 


& 
# ROW SCAN, LOOK FOR SINGLE KEY AIT 
‘< . 


MVI C,? INIT COUNT 
MVI A,OBFR INIT SCAN MASK 
RKEY3 RRC ROTATE A RIGHT 
per c DOKE ? 
JZ RKEY2 YES, NO HIT, GG BACK 
CHP M —NCp IS KEY DOKN 2 
JNZ RKEYS KG, CONTINUE RCW SCAN 
2 
# KEY DOWN HAS BEEN DETECTED 
« 
STA SMASK SAVE SCAN MASK 


a 
* CONVERT COLUMN TO 1te7 


MOV A,8& GET COLUMN 
MVI B,8 

RKEY7 INR B 
RRC LOOK FOR BIT 
JC RKEY? WOT FOUND 
MOV A,B INIT A 


® 
x ADD IN ROW TIMES 7 


* 
RKEvS DCR C 


JZ RKEYS OONE 7? 
ADI 7 NO, ADD ANOTHER 7 
JMP RKEYS 


« 
# DONE AY LAST 


& 
RKEYS STA LKEY SAVE FOR PREVIOUS KEY 


RET 
. 
« LOCAL KEYBOARD MODE, GET KEY FROM MEMORY, NOT USER 


* 
«LOC LHLD LPNTR GET LOOP POINTER 


MOV A,M GET KEY CODE 

INX # BUMP POINTER 

SrHLO LPNTR AND SAVE 

RET RETURN WITH KEY CODE 


id 


« 
AHKKEAAERKEKARAARAARAAREERAEEERAEEHAAAREARERRAEEEHE KAA 


e 

« DBIT? THIS SETS OR CLEARS ONE BIT BASED ON VALUE OF THE 
* B REG, BIT OETERMINED BY A REG, 

a 


772 
773 
774 
775 
776 
777 
778 
779 
769 
7ai 
762 
783 
764 
785 
786 
787 
786 
789 
792 
791 
792 
795 
7¥4 
755 
7% 
797 
798 
799 
8ae 
638i 
882 
65 
8oa 
8e5 
8e6 
697 
8o8 
8e9 
8i2a 
841i 
812 
613 
bla 
615 
e16 
837 
818 
eis 
62u 
623 
822 
823 
624 
625 
826 
627 
628 
829 
830 
831 
832 
633 
634 
835 
636 
637 
B38 
839 
840 


B358 
e338 
@336 
0336 
OSSE 
BSF 
Q342 
e343 
p345 
0348 
e348 
esac 
6340 
@S4E 
osaF 
6352 
8353 
@356 
0357 
8358 
8359 
@35A 
wssa 
0356 
esse 


@s5d 


@35E 
@3sr 
8366 
e363 
B362 
8362 
@362 
0362 
8362 
v362 
6362 
e362 
362 
as62 
$62 
8362 
8365 
B36B8 
S366 
@36C 
Bsoc 
@36C 
e36c 
OS6F 
2376 
e373 
@376 
e379 
S374 
e378 
@376 
@378 
@375 
e370 
essa 
e38e 
e386 
e380 
e380 
8380 
RY-2") 
@36a 
e368 


20 
40 
be 


co 
co 


A2 
43 
7F 


SA 
20 


ee ° 
4@ 


6c 
6c 
6c 


ce 


@6 
C3 


96 


A2 
88 
96 


@1 
25 
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ii 
@3 


@3 
82 


83 
83 


85 
e3 
83 


PIETITITITITITI LITT TTIT TTI II Titiliriiiititititiiiiiiiiii iit) 
t 
e 


OBIT: LEXI D,OCNT1 GET CONTROL BYTE ADDRESS 
ORA A CNT2 BIT SET 
JP DBIT2 NO, SKIP BUMP 
INK D STEP TO 2ND BYTE 
pBIT2 ANI 7FH CLEAR CNT2 BIT 
LXI H,8MO0 GET BIT MASK TABLE ADR 
CALL ADAHL = ADD -OFFSET TO HL 
MOV A,B GET VALUE 
ORA A SET FLAGS 
MOV A,M GEY MASK 
XCMG SAVE DATA ADDRESS 
3Z OBITS ZERO ? 
ORA NO, SET: BIT 
JMP DBITS CONTINUE 
DBITS CMA NEED TO CLEAR BIT 
ANA‘ CLEAR IT 
‘DBIT4'MOV MA REPLACE DATA 
RET DOKE 
* r4 
BHO |B 3 
OB 2 
be 4 
DB B 
OB 16 
' DB 32 
DB 64 
“* DB 328 


1] 
AOERMRARREKETATHKRERRHADERERERSESHAREERAAHEREAAERAEESeREREA AES 


. 
# THESE ROUTINES ARE USEC TO MANIPULATE CONTROL WORD BITS 


e 
SAHORORERERNAKAATEARERKOTEERESHTERHHAEERERH RO RSARASe ERE EERE SD 


« 
t 
e THIS GUY EXECUTES CONTROL BIT ARRAYS 


2 
CFUNS CALL CFUN 


CFUN2 CALL CFUN 
CALL CFUN 
RET 
* 
s THIS GUY DOES ONE WORD OF CONTROL BIT ARRAYS 
« 
CFUN SHLD L2 SAVE ADORESS 
MOV A,— GET OATA 
STA OCNT1I SavE IN BUFFER 
CALL DOUT UPDATE 
LHLD L2 GET ADDRESS 
INX H STEP TO NEXT BYTE 
RET 
a. 
e TMIS GUY SETS A SINGLE CONTROL SIT AS PER A REG MASK 
* 
sET MVI B,t GET DATA 
JMP CLR2 REUSE CLEAR CODE - 


e 
* 

PWETTTTTTIT TIT Titi Leet etic iii iL) 
* 
e DOUTS UPDATES ALL SST CUTPUTS, FANDLES DBUS EIT 
r 

r 

® 

e 


rrrrrrewrrr TTT TT eT PEPE RTIL ESIC Tere iSite Ls 


641 
842 
643 
64a 
845 
846 
647 
848 
Bap 
BSe 
B51 
852 
B53 
654 
B55 
656 
857 
658 
659 
660 
G64 
862 
663 
664 
665 
666 
867 
608 
669 
B7@ 
874 
672 
673 
674 
875 
876 
677 
878 
679 
88a 
681 
§52 
683 
6B4 
885 
886 
&6? 
868 
6e9 
ese 
654 
892 
bo3 
B94 
895 
896 
897 
698 
aso 
9o0 
921 
ybe 
923 


0356 
e36e 
93808 
O36_p 
asé2 
e365 
B66 
a3e9 
S368 
@380 
398 
B39e 
@390 
6398 
2393 
e396 
ese 
B3y9 
@3Fa 
e39B 
GIVE 
BSF 
G3ad 
BSAS 
Bas 
B3SAS 
OSA 
BIAS 
BSAS 
BSA3 
BSAS 
BSAS 
QA 
BSA4 
GSAS 
B3A6 
G3a7 
@3a6 
G349 
@3ac 
esac 
Gsac 
egac 
@3ac 
BSAC 
@3ac 
Bsac 
@3ac 
OSAC 
esac 
eal 
@3ad 
@3AE 
OSAF 
B3b2 
@3s3 
Bgb4 
@sea5 
B3B6 
6387 
e368 
B3B9 
O3BA 


e€6 
3A 
87 
Fa 
e6 


co 


21 
41 
(a 
14 
7? 
is 
co 
a0 
cé 
cs 


7c 
B? 
37 
FA 


7D 
17 
6F 
7c 
17 
67 
cs 


@e 
A2 


41 
es 


38 83 


FE 
vb 
€8 


FF 
ij 


ac @3 


98 23 


&3 83 


B3 23 


@ ERRORS 


31 


R. 


* 
b0UT 


DOUTS 


cole] 


» 


oouTe2 
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« HANDLE DBUS BIT 


MV B,® 

LDA OCATI 
ORA A 

JM. COUT! 
V1 Bel 

MVI A, MDBUS 
CALL DBIT 


OUTPUT 


LX MH, AADRL 
LX] €,OADRL 
MMVI C,huUra 
LDax D 

MOV. MA 

INX O 

Cath RLAL 
ocr c 


RZ 
JMP OOUT2 


ROTATE LEFT mL 


32 


ASSUME CLEAR REQUIRED 
GET CONTROL WORD 3 
SEY FLAG 

SET ? 

NO, SET DBUS BIT 

GET MASK 

UPCATE BIT 


GET STARTING ADDRESS 
GET Data ADOKESS 

SET COUNTER 

GEY Data 

OUTPUT 

BuKP Gata aDDRESS 
ADDRESS 
VEC COUNTER 

DONE 7 

wo 


AAAKRAAARERERERATEERAERHHAE EKER RE HAEHARAERREKAEAKEK EKER ARE 


t 
a VARS 


t 


MOVE C BYTES FRGH ADORESS HL TO ADDRES DE 


ARKECARANAT RECT TAAEAEREREARARARRA ARE REEERERAAKEROR EAA PERERA ED 


* 
"WMVAR 


* 


MOV A,M 
StAX OD 
INX H 
TNX O 
DCR 


RZ 
JMP MVAR 


GET BYTE 

SAVE 

BUMP SOURCE 

BUKP DESTINATION 
CHECH LENGTH 
DONE 


EROEREREEREERRAEEAA ET AEREERA AREER ERR RARER HARKER REAR RRO RK ETERS 


t 


sess 8 #8 8 


x 
rc 
x 
. 


RLHL2 


ZEND 


ROTATE HL LEFT 


B REG UNAFFECTED 


MOV A,H 
ORA A 
STC 

JM RLHL2 
CHC 
MOV 
RAL 
MOV 
MOV 
RAL 
hoy 
RET 
END 


Ayk 


LA 
A,#H 


154 SYMBOLS 


RERRERREERAE TERRE EER ERE AKER HARARE TER EAREE HARE NER RE RAE REDS 


TEST MIGH BIT 


ASSUME SET 

SKIP CLEAR IF SET 

CLEAK FLAG 

GET LOw BYTE 

ROTATE, SET CARRY TO HIGH BIT 
REPLACE 

GET HIGH BYTE 

ROTATE 


(REPLACE 


DONE 


4,370,728 


33 34 
SyMpOL TABLE 
STACK 3392 VARAB 1291 AAORL FFFE AADRH FFFD ADATI FFFB ADATG FFF? 
amMSo FFEF aLSB FFOF aDISP FFBF a«ChTi FR7F ACKT2 FEFF AKYeD FOFF 
ASTAT FBFF NUMA BOGB SCMO OBB SFAIL Cev2 SDi eeda SD2 QbZ4 
§A2 eeid Saad pevc mSe eeeuw Si @eci MSOD @ee2 MALE BPE 
mH#eO 6804 MIOEM BESS MWR OBb6 MRE eee? MOBUS BBBR MINTA BEE} 
MHLDA 6882 MCLK g@SS KTIME 6864 NINIT GOCE CREP BRKS CDEF wavs 
CLDA Boec CF; gee@is CF2 oei4a CFS 8215 PKEY 1191 LKEY 1192 
REG 11393 LPANTR 1194 Le 1196 SmaSk 1156 KMODE 1199 RMOCE 1194 
OAORL 1398 DADRA 116C IDATA 119D ODATA J15E OMSE 119F OLSE 14a2 
ODISP 1241 DCNT1 1342 OCNT2Z 1143) OKYED 3144 OSTAT 34A5 KFS 11A6 
KF2 126E KF3 1336 RESET Beee CLR ee2S CLR2 8825 CRST 8828 
CRST2 BO31 RST7 @238 RST7B O847 OCINIT @256 SINT Be6R SINT2 B61 
SIN e646 SOUT e@67 SOUT2 #e69 SLDA 868 SSTA @B6E SSTA2 8078 
CML @@72 JMTAB BBBE ADR @pC4 SalL— @eCa DATA 8805 REN @eoc 
800 oeti IN @@e6 OUT BeFS CE C1eGF WLOA W116 HR 6115 
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I claim: 30 means for displaying from said device information 


1. A static stimulus testing device for testing an elec- 
tronic system from which has been removed a system 
digital electronic microprocessor which is normally 
included in said system, said device comprising: 

a plurality of input-output ports corresponding to the 
input/output pins of the system microprocessor of 
the system under test; and 

control means for enabling a user to independently 
control the logic levels of each input/output port, 
so that when the testing device is connected to the 
system under test, in place of said removed system 
microprocessor system, the user will have control 
of the logic levels of each input/output line inde- 
pendent of the logic levels of the other lines of the 
system under test, which are normally controlled 
by said removed system microprocessor; 

data entry means interconnected with said control 
means for entering into said device information to 
control said electronic system; 

and display means interconnected with said control 
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about the state of said electronic system under test. 

2. A device as in claim 1 wherein said contro! means 
further comprises: 

ROM memory means for storing digital computer 

programs used by said device; and 

test digital microprocessor means for communicating 
among said memory means, data entry means, said 
display means and said input-output ports. 

3. A device as in claim 2 wherein said control means 

further comprises: 

RAM memory means for providing temporary stor- 
age of data for use by said test microprocessor 
means. 

4. A device as in claim 3 wherein said data entry 
means comprises a keyboard having thereon a plurality 
of keys for entering of information into said device. 

5. A device as in claim 4 wherein said display means 


comprises a hexadecimal display. 
* * * * * 


